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Abstract 
The protein coding regions of the PrP genes of six pigs were sequenced directly from PCR-amplified genomic DNA. All six sequences 
were identical. The gene encodes aprotein of 257 amino acids and shows an overall similarity of 77 to 88% with the PrP sequences from 
other mammalian species. The significance of amino acids unique to the pig PrP are discussed. 
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The sub-acute, transmissible, spongiform en- 
cephalopathies (TSEs), or prion diseases, are fatal, neu- 
rodegenerative diseases which affect man and other mam- 
mals [1]. The human disorders are kuru, Creutzfeldt-Jakob 
disease (CAD) and Gerstmann Stfiiussler Scheinker (GSS) 
syndrome: the TSEs of other mammals include scrapie of 
sheep and goats, chronic wasting disease of mule deer and 
elk, transmissible mink encephalopathy and bovine spongi- 
form encephalopathy (BSE). All are experimentally trans- 
missible, with infectivity being associated with an as yet 
unidentified, unconventional pathogen. Of diagnostic sig- 
nificance is the accumulation i the TSE-affected brain of 
a protease resistant isoform of PrP, a cellular glycoprotein. 
The disease-associated isoform of PrP is a major con- 
stituent of brain fractions purified for infectivity [2]. Muta- 
tions and polymorphisms in and around the gene encoding 
PrP have been linked to the incidence of GSS [3], familial 
CJD [4,5], natural sheep scrapie [6], and to control of the 
incubation period of experimental scrapie in sheep [7] and 
rodents [8]. 
BSE was first diagnosed in Great Britain in 1986 [9] 
and epidemiological studies [10] indicated that the epi- 
demic was caused by the exposure of cattle to a scrapie-like 
pathogen via consumption of contaminated feedstuffs. Pigs 
have also been exposed to this source of infection. Though 
no natural cases of a porcine spongiform encephalopathy 
have been reported in Great Britain, the susceptibility of 
the pig to an experimentally-induced disease following 
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parenteral challenge with BSE-affected brain has been 
demonstrated [11]. Sequencing of the porcine PrP gene 
was a necessary part of our studies of the susceptibility of 
the pig to natural and experimental TSEs. 
DNA was extracted from 0.4 g samples of liver from 
each of six Landrace X Large White pigs. Each liver sam- 
ple was homogenised in PBS buffer using a dounce ho- 
mogenizer. After straining through muslin to remove con- 
nective tissue and large particulate matter, the homogenate 
was spun at 1500 × g. The supernatant was discarded and 
the pellet, representing a crude nuclei preparation, was 
suspended in PBS buffer (3 ml). The nuclei suspensions 
(1.5 ml) were loaded into the extraction vessels of a 340A 
Applied Biosystems Nucleic Acid extractor and processed 
according to the manufacturer's protocols. The extracted 
DNA was taken up in water. 
Amplification of the entire coding region of the pig 
gene was achieved by the polymerase chain reaction (PCR) 
using the following primers: 
5'  - CATTTGATGCTGACACCCTCTTTA - Y 
5 '  - ATGAGACACCACCACTACAGGGCT-  3' 
PCR amplification [12] was carried out using 1-2 p,g 
of genomic DNA in a 100 /zl reaction mix containing 1 
/xM of each primer, 50 mM KCI, 10 mM Tris-HCl (pH 
8.3), 1.5 mM MgCl, 1 mg/ml gelatin and 200/xM of each 
dNTP. The reaction mix was overlaid with mineral oil 
(Sigma) and an initial denaturation step (96°C for 10 min) 
carried out. The reaction mix was cooled to 85°C and 5 
units of Taq were added (Cetus Corporation). The reaction 
mix was subjected to 30 cycles, each at 94°C for 2 min, 
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60°C for 2 min and 72°C for 3 min. There was a final 
extension period at 72°C for 10 min. In order to eliminate 
artefacts which could arise during the PCR process, 16 
reaction tubes were set up for each sample together with 
controls (no DNA). The contents of all the reaction tubes 
for each sample were pooled, mixed thoroughly, and pre- 
pared for sequencing. Aliquots of samples were elec- 
trophoresed through a 1.2% low melting agarose gel 
(SeaPlaque) containing ethidium bromide (Fig. 1). The 
appropriate bands were cut out and the DNA extracted 
using phenol/chloroform [13]. An Applied Biosystems 
Automated 373A Sequencer was used for analysing sam- 
pies. Sequencing protocols used were those supplied by the 
company. Samples were sequenced in both directions and 
the sequences obtained were aligned using a Lasergene 
software package (DNASTAR). 
The ORF of each of the six pig PrP genes sequenced 
consisted of 774 nucleotides, corresponding to a protein of 
257 amino acids with an M r of 27730 prior to post 
translational modifications. The sequence of the first 24 
amino acids was consistent with that of a signal peptide, 
i.e., positively charged N terminus, hydrophobic core and a 
small uncharged residue (C) at the putative sequence 
cleavage site [14]. The mature protein is predicted to 
commence at lysine residue 25 and have a M r of 25 131 
! ! I ! !50 
Cat t le  :MVKSHIGSWILVLFVAMWSDVGLCKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQG 
P ig  : G A I 
Sheep : 
Human :M- -ANL  C M T L 
M ink  : L T I F 
Mouse  :M- -ANL  Y L A T T 
Hamster :M- -ANLSY L A T 
Kudu : A S 
• . ! ! [ l l !100  
Cat t le  :GGGWCQPHGGGWGQPHGGGWGQPHGGGWGQPHGGGWGQPHGGGGWGQ-GGTHGQW 
P ig  : . . . . . . . .  G S 
Sheep : . . . . . . .  S S 
Human : . . . . . . . .  G S 
M ink  : . . . . . . . .  G S G 
Mouse  : T . . . . . . .  S S G N 
Hamster :  T . . . . . . . .  G N 
Kudu : . . . . . . .  
! ! [ [150  [ 
Cat t le :NKPSKPKTNMKHVAGAAAAGAVVGGLGGYMLGSAMSRPL IHFGSDYEDRYYRENMHR 
P ig  : Y 
Sheep : N Y 
Human : M I 
M ink  : N Y 
Mouse  : L V M N W Y 
Hamster :  M MM N W N 
Kudu 
! ! !200  ! 
Cat t le  :ypNQVYYRPVDQYSNQNNFVHDCVNITVKEHTVTTTTKGENFTETDIKMMERVVEQ 
P ig  : S Q v I 
Sheep : R Q I 
Human : M E I Q v 
M ink  : K Q M I 
Mouse  : I Q V 
Hamster :  N I Q I 
Kudu 
5 4 3 2 1 
Fig. 1. Ethidium bromide stained agarose gel containing PCR-amplified 
fragments of porcine genomic DNA. Samples were electrophoresed 
through a 1.2% agarose gel. The DNA bands in lanes 1 and 3 were 
derived from different pig samples and are 894 bp in size. Lanes 2 and 4 
are controls where DNA was omitted from the reaction tubes. Lane 5 
contains a 100 bp ladder. 
! ! !250  ! ! 
Cat t le  :MCITQYQRESQAYYQ- -RGASVILFSSPPVILL ISFL IFL IVG*  
P ig  : K YE  A -- L 
Sheep : -- 
Human : E -- S MV 
Mink  : V E - -  A P L L 
Mouse  : V K DGR SS  
Hamster :  T K DGR -S AV M 
Fig. 2. Comparison of the deduced pig PrP protein sequence with cattle 
[15], sheep [7], human [16], mink [17], mouse [18], hamster [19,20] and 
kudu [21]. ! marks appear after every 10th residue. 
prior to post-translational modifications. Like the PrP se- 
quences from other species, there were two asparagine-lin- 
ked glycosylation sites at codons 185 and 201. There were 
two hexapeptide repeat regions between codons 37-42 and 
48-53. 
Comparisons at the amino acid level (Fig, 2) show that 
the pig signal peptide sequence most closely resembles 
that of sheep and cattle, with three differences at codon 
positions 8, 17 and 21. At these three positions cattle and 
sheep have a serine, methionine and valine, respectively, 
whilst at the corresponding positions in the pig PrP are 
glycine, alanine and isoleucine. In common with cattle, 
sheep and mink there is a glycine inserted between codons 
31 and 32. Similarly, as in the human, mink, mouse and 
hamster PrPs there is a second glycine inserted between 
codons 103 and 104. There are four amino acids towards 
the C terminal end of the pig PrP protein that are unique to 
it. They occur at codons 218, 234, 238 and 262 and 
correspond to the amino acids isoleucine, tyrosine, alanine 
and leucine, whilst the equivalent amino acids in other 
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Table l 
Similarity between the pig PrP sequence and the PrP sequences from 
other species 
Species Nucleotide Amino acid 
(% identity) (% identity) 
Cattle 87.3 91.5 
Hamster 79.5 81.2 
Human 83.9 86.6 
Mink 87.7 91.9 
Mouse 77.1 80.8 
Sheep 88.3 92.6 
Kudu 87.3 91.9 
species are methionine, serine, tyrosine and isoleucine. In 
addition, at codon position 237, the pig and mink se- 
quences have a glutamic acid residue whilst the other 
species' PrPs contain a glutamine residue. At position 232, 
the pig, mouse and hamster PrPs share a lysine residue 
whereas cattle, sheep, human and mink PrPs have an 
arginine at the equivalent position. Experimental evidence 
based on the hamster PrP suggests that the 23 C-terminal 
residues are removed and a glycophosphatidylinositol (GPI) 
moiety is attached to the alpha carboxyl of a serine residue 
[22-25]. If a GPI anchor is attached to an equivalent 
position of the pig PrP protein, then within this variable 
region of the PrP protein three amino acids unique to the 
pig occur just preceding the anchor site. 
PrP DNA sequence homology between the pig and 
other species range from 77.1% when compared to mouse 
to 88.3% when compared to sheep (Table 1). At the amino 
acid level, homology ranges from 80.8% when compared 
to hamster to 92.6% when compared to sheep. These 
results are in keeping with the highly conserved nature of 
PrP genes generally, but in phytogenetic terms show that 
the pig PrP sequence is closer to sheep, cattle, kudu and 
mink than to hamster and mouse. 
Although pigs and cattle were exposed to the same 
scrapie-like pathogen(s) evidence to date show that of the 
two species only cattle were naturally susceptible to 
spongiform encephalopathy. This would suggest that the 
species barrier has been maintained in pigs but not cattle. 
Evidence from mouse models have shown that lack of 
homology between the incoming PrP inoculum and the 
host's PrP genes retards disease [25]. It remains to be 
determined whether or not sequence differences between 
pig and cattle PrP genes can account for their different 
susceptibilities to disease. Pig and cattle PrP transgenes 
introduced into mice could resolve this issue. 
Sequence accession details: The pig PrP gene sequence 
is deposited in Embl, accession o. L07623. 
References 
[l] Prusiner, S.B., Torchia, M. and Westaway, D. (1991) Molecular 
biology and genetics of prions-implications for sheep scrapie, "mad 
cows" and the BSE epidemic. Cornell Vet 81, 2 
[2] Bolton, D.C., McKinley, M.P. and Prusiner, S.B. (1982) Identifica- 
tion of a prion protein that purifies with the scrapie priori. Science 
218, 1309-1311. 
[3] Hsaio, K.K., Baker, H.F., Crow, T.J., Poulter, M., Owen, F., Ter- 
willinger, J.D., Westaway, D., Ott, D. and Prusiner, S.B. (1989) 
Linkage of a priori protein missense variant o Gerstmann-Str~iussler 
syndrome. Nature (Lond.) 338, 342-345. 
[4] Goldfarb, L.G., Korczyn, A.D., Brown, P., Chapman, J. and Gaj- 
dusek, D.C. (1990) Mutation in codon 200 of scrapie amyloid 
precursor gene linked to Creutzfeldt-Jakob disease in Sephardic 
Jews of non-Libyan origin. Lancet 336, 637-638. 
[5] Owen, F., Poulter, M., Lofthouse, R., Collinge, J., Crow, T.J., 
Risby, D., Baker, H.F., Ridley, R.M., Hsaio, K.K. and Prusiner, S.B. 
(1989) Insertion in prion protein gene in familial Creutzfeldt-Jakob 
disease. Lancet i, 51-52. 
[6] Hunter, N., Goldmann, W., Benson, G., Foster, J. and Hope, J. 
(1993) Swaledale sheep affected by natural scrapie differ signifi- 
cantly in PrP genotype frequencies from healthy sheep and those 
selected for reduced incidence of scrapie. J. Gen. Virol. 74, 1025- 
1031. 
[7] Goldmann, W., Hunter, N., Foster, J.D., Salbaum, J.M., Beyreuther, 
K. and Hope, J. (1990) Two alleles of a neural protein linked to 
scrapie in sheep. Proc. Natl. Acad. Sci. USA 87, 2476-2480. 
[8] Westaway, D., Goodmann, P.A., Mirenda, C.A., McKinley, M.P., 
Carlson, G.A. and Prusiner, S.B. (1987) Distinct priori proteins in 
short and long scrapie incubation period mice. Cell 51,651-662. 
[9] Wells, G.A.H., Scott, A.C., Johnson, C.T., Gunning, R.F., Hancock, 
R.D., Jeffrey, M., Dawson, M. and Bradley, R. (1987) A novel 
progressive spongiform encephalopathy in cattle. Vet. Record 121, 
419-420. 
[10] Wilesmith, J., Wells, G.A.H., Cranwell, M.P. and Ryan, J.M.B. 
(1988) Bovine spongiform encephalopathy: epidemiological studies. 
Vet. Record 123, 638-644. 
[11] Dawson, M., Wells, G.A.H., Parker, B.N.J. and Scott, A.C. (1990) 
Primary parenteral transmission of bovine spongiform encephalopa- 
thy to the pig. Vet. Record 127, 338 
[12] Saiki, R.K., Gelfand, D.H., Stoffel, S., Scharf, S.J., Higuchi, R., 
Horn, G.T., Mullis, K.B. and Erlich, H.A. (1988) Primer-directed 
enzymatic amplification of DNA with thermostable DNA poly- 
merase. Science 239, 487-491. 
[13] Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982) Molecular 
cloning. A Laboratory Manual. Cold Spring Harbor Laboratory. 
[14] Von Heijne, G. (1985) Signal sequences. The limits of variations. J
Mol. Biol. 184, 99-105. 
[15] Goldmann, W., Hunter, N., Martin, T., Dawson, M. and Hope, J. 
(1991) Different forms of the bovine PrP gene have five or six 
copies of a short, G-C rich element within the protein-coding exon. 
J. Gen. Virol. 72, 201-204. 
[16] Kretzschmar, H.A., Stowring, L.E., Westaway, D., Stubblebine, 
W.H., Prusiner, S.B. and DeArmond, S.J. (1986) Molecular cloning 
of a human prion protein eDNA. DNA 5, 315-324. 
[17] Kretzschmar, H.A.. Neumann, M., Riethmuller, G. and Prusiner, 
S.B. Molecular cloning of a mink prion protein. J. Gen. Virol. 73, 
2727-2761 
[18] Locht, C., Chesebro, B., Race, R. and Keith, J.M. (1986) Molecular 
cloning and complete sequence of prion protein cDNA from mouse 
brain infected with the scrapie agent. Proc. Natl. Acad. Sci USA 83, 
6372-6376. 
[19] Oesch, B., Westaway, D., Walchli, M., McKinley, M.P., Kent, 
S.B.H., Aebersold, R., Barry, R.A., Tempst, P., Teplow, D.B., 
Hood, L.E., Prusiner, S.B. and Weissmann, C. (1985) A cellular 
gene encodes crapie PrP 27-30 protein. Cell 40, 735-746. 
[20] Basler, K., Oesch, B., Scott, M., Westaway, D., Walchli, M., Groth, 
D.F., McKinley, M.P., Prusiner, S.B. and Weissman, C. (1986) 
Scrapie and cellular PrP isoforms are encoded by the same chromo- 
somal gene. Cell 46, 417-428. 
214 T. Martin et al. /Biochimica et Biophysica Acta 1270 (1995) 211-214 
[21] Poidinger, M., Kirkwood, J. and Almond, W. (1993) Sequence 
analysis of the PrP protein from two species of antelope susceptible 
to transmissible spongiform encephalopathy. Arch. Virol. 131, 193- 
199. 
[22] Caughey, B., Race, R,E., Ernst, D., Buchmeier, M.J. and Chesebro, 
B. (1989) Prion protein PrP biosynthesis n scrapie-infected neurob- 
lastoma cells. J. Virol. 63, 175-181. 
[23] Baldwin, M.A., Stahl, N., Reinders, L.G., Gibson, B.W., Prusiner, 
S.B. and Burlingham, A.L. (1990) Permethylation a d tandem mass 
spectrometry of oligosaccharides having free hexosamine: analysis 
of the glycoinositol phospholipid anchor glycan from the scrapie 
prion protein. Anal. Biochem. 191, 174-182. 
[24] Stahl, N., Baldwin, M.A., Burlingame, A.L. and Prusiner, S.B. 
(1990a) Identification of glycoinositol phospholipid linked and trun- 
cated forms of the scrapie prion protein. Biochemistry 29, 8879- 
8884. 
[25] Stahl, N., Borchelt, D.R. and Prusiner, S.B. (1990B) Differential 
release of cellular and scrapie prion proteins from cellular mem- 
branes by phosphatidylinositol-specific phospholipase C. Biochem- 
istry 29, 5405-5412. 
